The 20% prevalence of chronic pain in the general population is a major health concern given the often profound associated impairment of daily activities, employment status, and health-related quality of life in sufferers. Resource utilization associated with chronic pain represents an enormous burden for healthcare systems. Although analgesia based on the World Health Organization's pain ladder continues to be the mainstay of chronic pain management, aside from chronic cancer pain or end-of-life care, prolonged use of non-steroidal anti-inflammatory drugs or opioids to manage chronic pain is rarely sustainable. As the endocannabinoid system is known to control pain at peripheral, spinal, and supraspinal levels, interest in medical use of cannabis is growing. A proprietary blend of cannabis plant extracts containing delta-9-tetrahydrocannabinol (THC) and cannabidiol (CBD) as the principal cannabinoids is formulated as an oromucosal spray (USAN name: nabiximols) and standardized to ensure quality, consistency and stability. This review examines evidence for THC:CBD oromucosal spray (nabiximols) in the management of chronic pain conditions. Cumulative evidence from clinical trials and an exploratory analysis of the German Pain e-Registry suggests that add-on THC:CBD oromucosal spray (nabiximols) may have a role in managing chronic neuropathic pain, although further precise clinical trials are required to draw definitive conclusions.
Introduction
Chronic pain is defined as persistent or recurring pain lasting longer than 3 months that is characterized by persistent physical pain, disability, emotional disturbance, and social withdrawal. 1 The eleventh International Classification of Diseases (ICD-11) divides chronic pain into seven categories: primary, cancer, post-traumatic and postsurgical, neuropathic, headache and orofacial, visceral, and musculoskeletal. 2 The most common conditions associated with chronic pain are back pain, joint pain due to osteoarthrosis, osteoporosis or rheumatic diseases, and cancer. [3] [4] [5] Neuropathic pain is defined as pain due to a primary lesion or dysfunction in the nervous system. 6, 7 Although estimates for chronic pain prevalence vary according to its definition, the population analyzed, and the method used to collect data, the burden is sizeable, affecting more than 20% of people globally irrespective of world region. [8] [9] [10] [11] [12] [13] [14] By interfering with daily activities, employment status and the ability to work effectively, chronic pain can profoundly impair the general well-being of sufferers. Chronic pain is frequently accompanied by depression, anxiety and sleeping difficulties which combine to further reduce health-related quality of life (HR-QoL). The cumulative burden of chronic pain becomes more pronounced with increasing severity. 8, 15, 16 Studies investigating the burden of chronic neuropathic pain report similar findings in terms of high rates of comorbid depression, anxiety, and sleeping difficulties/insomnia, negative impacts on employment status and ability to work, and impaired HR-QoL. [17] [18] [19] [20] Chronic pain has a substantial economic cost largely due to increased health resource utilization. In 2010 in the United States (US), total annual costs attributable to chronic pain were estimated to be USD$560-635 billion. 21 In Europe, the direct and indirect healthcare costs of chronic pain disorders are estimated to be 2-3% of GDP across member states, 16 which amounted to about €450 billion in 2016. 22 
Management of Chronic Pain
Optimal management of chronic pain involves a combination of medical and psychosocial approaches aimed at shifting the focus of treatment from pain relief towards increased function and well-being despite pain. 1 In actual practice, however, pharmacological therapies continue to be the mainstay of general management of chronic pain. Analgesics for use in chronic pain include paracetamol, nonsteroidal anti-inflammatory drugs (NSAIDs) and opioids as per the WHO analgesic ladder, supplemented by adjuvant agents (eg muscle relaxants, anxiolytics, or hypnotics). 23, 24 With the possible exceptions of chronic cancer pain and end-of-life care, however, pharmacological analgesia is rarely a sustainable approach to chronic pain management due to safety limitations and abuse/misuse potential associated with prolonged use of these agents. 1 A major contributing factor to the opioid epidemic in the US was increased opioid prescribing as part of a wider strategy to improve pain management, but ultimately leading to a dramatic increase in the number of prescription opioid overdose deaths. 25 Epidemiological data suggest that opioid misuse is also a concern in Europe. [26] [27] [28] In 2017, the six countries with the highest opioid consumption (reported as defined daily doses per million inhabitants per day) were, in order, the US, Germany, Canada, Austria, Belgium, and Switzerland. 28 To control the opioid crisis, guidelines currently recommend against the use of opioids to manage chronic pain. In the US, the Centers for Disease Control (CDC) guidelines advocate non-pharmacological and non-opioid pharmacological therapies as the preferred choices to manage chronic pain. 25, 29 The CDC and American Society of Interventional Pain Physicians guidelines recommend that opioid therapy be considered for chronic pain only if the benefits in terms of pain relief and improved function are likely to outweigh risks to the patient. 25, 29, 30 The European Pain Federation's expert recommendations about safe and appropriate use of opioids in chronic pain management advise that opioid therapy be initiated only after failure of less potent analgesics and adjuvant therapies and/or rehabilitation to achieve and maintain adequate pain relief. 31 In pain types with limited response to opioid medications (eg neuropathic pain), the European Federation of Neurological Societies guidelines recommend a diverse range of agents for first-, second-and third-line treatment ( Table 1) . 32 These recommendations reflect the varying origins and difficult-to-control nature of chronic neuropathic pain, and also highlight the lack of effective new agents to manage neuropathic pain conditions.
Cannabinoids in Chronic Pain Management

Mechanism of Action of Cannabinoids
The discovery of the endocannabinoid system, and its role in pain control and habituation to stress, suggested that cannabinoids may be useful to manage pain conditions. 33, 34 Delta-9-tetrahydrocannabinol (THC), a partial agonist of cannabinoid type 1 (CB 1 ) and type 2 (CB 2 ) receptors, mimics the effects of endogenous cannabinoids. [35] [36] [37] [38] CB 1 receptors, which mediate many of the psychoactive effects of cannabinoids, are commonly localized on preterminal axonal regions and axons in several brain regions, although they are also present in some peripheral tissues. CB 2 receptors are found in a few neurons, but mainly in immune and hematopoietic cells. 36, 37, 39, 40 Cannabinoid receptors are members of the G protein-coupled, 7-transmembrane domain receptor superfamily. Endogenous ligands of these receptors, known as endocannabinoids, are the arachidonic acid derivatives N-arachidonoylethanolamine (anandamide) and 2-arachidonoylglycerol. 40, 41 Endocannabin oids act as neuromodulators, 42, 43 and are important signaling molecules in neuronal and glial development. 44 THC-mediated activation of presynaptic CB 1 receptors inhibits neurotransmitter release in excitatory glutamatergic and inhibitory γ-aminobutyric acid (GABA) neurons in pathways including the hippocampus following disruption of synaptic function. 45, 46 Cannabidiol (CBD) has no agonistic effects on CB 1 and CB 2 receptors, 35 although in experimental conditions (concentrations <1 μM) it has shown noncompetitive negative allosteric modulation of CB 1 receptors. 47 The effects of CBD are likely due to modulation of multiple non-endocannabinoid signaling systems. 36, 48, 49 At micromolar/sub-micromolar concentrations, CBD blocks equilibrative nucleoside transporters that mediate the transport of nucleosides, nucleobases and therapeutic analogs; 50 modulates the transient receptor potential of the melastatin type 8 ion channel which is the primary cold sensor in humans; 51 and modulates the orphan G-protein-coupled receptor GPR55, a probable lysophosphatidylinositol receptor involved in multiple physiological and pathophysiological pathways. 52 In addition, CBD enhances the activity of 5-HT 1a receptors which are key mediators of anxiety and depression-like behaviors; 53 enhances the activity of α1 and α3 glycine receptors whose inhibitory actions contribute to control of excitability within the central nervous system; 54 and modulates the activity of transient receptor potential ankyrin type 1 channels which play a critical role in cortical spreading depression and are a target for pain management. 55 CBD has bidirectional effects on intracellular calcium ions, and is a potent antioxidant. 36, 48, 49 Activation of cannabinoid receptors by endogenous or extraneously administered cannabinoids has multiple analgesia-associated effects mediated by the peripheral and central nervous systems. 40 These effects include inhibition of ascending nociceptive transmission, activation of the inhibitory descending pathway, and modification of the emotional component of pain. Activation of CB 1 receptors localized in peripheral nociceptive terminals inhibits the activity of nociceptive neurons. At the spinal level, activation of CB 1 receptors localized in dorsal root ganglia and in the spinal cord dorsal horn (in nociceptive and non-nociceptive sensitive terminals) inhibits neurotransmitter release and pain transmission. At the supraspinal level, activation of CB 1 receptors localized mainly in the thalamus inhibits ascending nociceptive transmission and activates the descending inhibitory pathway by inhibition of GABA release. The emotional and cognitive effects of pain are modified by CB 1 receptor activation acting in the limbic system and cortical areas of the brain. In addition, activation of peripheral CB 2 receptors localized on immune cells and keratinocytes reduces the release of pronociceptive molecules. At the spinal cord level, CB 2 receptor activation modulates immune responses, leading to inhibition of neuronal sensitization during chronic pain ( Figure 1 ).
In preclinical rodent models, activation of cannabinoid receptors reduced neuropathic and chronic inflammatory pain. 35, 40, 48 Recently, in a well-established nerve injury model of neuropathic pain, treatment with CBD for 7 days normalized impaired serotonergic (5-HT) neurotransmission, reduced mechanical allodynia and decreased anxiety-like behavior. 56 The findings are important since they show that the effects of CBD relate not only to a reduction in pain intensity and modification of pain quality, but especially to a change in anxiety-related behavior.
Cannabinoids for Pain Management
Use of herbal cannabis (smoked, vaporized, orally ingested), at present at least, is not suitable to manage pain or other medical conditions. Aside from practical issues such as restricted availability as regulated by national or regional health authorities, risks of herbal cannabis include variability in cannabinoid type and potency, potential for misuse/dependency, and possible future mental health-related consequences in young people. 57 Numerous studies have investigated cannabis and its derivatives to treat myriad conditions, including chronic pain. As a discussion of the full range of cannabis and cannabis-based products is beyond the scope of this review, interested readers are directed to recent comprehensive reviews on the subject. 58, 59 Plant-derived (ie phytocannabinoids) and synthetic cannabinoids currently available for medicinal use are described briefly before the focus is turned specifically to THC:CBD oromucosal spray (nabiximols) for management of chronic pain conditions. Sativex ® (USAN name: nabiximols) oromucosal spray is a phytocannabinoid extract containing THC and CBD (1:1 ratio) as its principal components. The methodology for producing THC:CBD spray (nabiximols) is well described. 60 The medicine is produced from two chemovars of the C. sativa plant with each clone producing a high level of THC or CBD 61 and is standardized to ensure quality, consistency and stability. 60 THC and CBD are thought to interact synergistically with other trace cannabinoids to provide activity greater than that of the individual components. 62 CBD has a dual mechanism; it potentiates the depressant effects of THC while inhibiting its excitatory and emotional effects. 62 The oromucosal route of administration avoids the high THC plasma levels that occur after inhaling herbal cannabis and are responsible for the psychoactivity. [63] [64] [65] Other negative associations with smoking cannabis such as an increased risk of lung cancer 66 are also avoided by oromucosal delivery. THC:CBD oromucosal spray (nabiximols) is approved in several countries as an add-on treatment for moderate to severe resistant multiple sclerosis (MS) spasticity. 38 Other phytocannabinoids containing multiple different cannabinoids (eg Bedrocan ® ) have yet to undergo clinical trial development or receive approval for a first official indication. A plant-derived medicine containing single purified CBD (cannabidiol oral solution, Epidiolex ® ) was recently approved by the US Food and Drug Administration and European Medicines Agency for treatment of the rare epileptic syndromes, Lennox-Gastaut and Dravet. 67, 68 Dronabinol (Marinol ® , Syndros ® ) is a synthetic THC indicated for treatment of anorexia associated with weight loss in patients with AIDS, and treatment of severe refractory nausea and vomiting associated with cancer chemotherapy. 69, 70 Nabilone (Cesamet ® , Canemes ® ) is a THC analog indicated for treatment of severe refractory nausea and vomiting associated with cancer chemotherapy. 71 The European Pain Federation has published a position paper about the appropriate use of cannabis-based medicines and medical cannabis for chronic pain management. Key points are that: 1) current evidence is insufficient to state whether cannabis-based medicines and medical cannabis differ in their efficacy, tolerability and safety; 2) cannabis-based medicines can be considered as third-line therapy for chronic neuropathic pain; 3) THC:CBD oromucosal spray (nabiximols) can be considered as part of an add-on individual therapeutic trial for individuals with cancer pain who have inadequate pain relief from opioids or other established analgesics, 72 although evidence for this latter recommendation is limited.
Search Strategy and Study Identification
To identify clinical trials of THC:CBD oromucosal spray (nabiximols) in chronic pain, searches were conducted of PubMed, Cochrane Library, and ClinicalTrials.gov using the search terms: Sativex, delta-9-tetrahydrocannabinol, cannabidiol, THC:CBD, nabiximols, medical cannabis, chronic pain, pain, and neuropathic pain. There were no language restrictions. In the case of PubMed searches, the "clinical trial" filter was applied. Reference lists of retrieved papers were hand-searched for additional clinical studies. Other references are known to the author or are part of his collection.
THC:CBD Oromucosal Spray (Nabiximols) in Pain Management
Treatment of Multiple Sclerosis Spasticity
In an early randomized controlled trial (RCT) in patients with MS, THC:CBD oromucosal spray (nabiximols) for 6 weeks significantly improved MS spasticity (muscle rigidity with [often painful] spasms) versus placebo as assessed by mean Visual Analogue Scale (VAS) scores. 73 In three pivotal RCTs of patients with refractory MS spasticity (treatment duration 6 to 14 weeks), THC: CBD oromucosal spray (nabiximols) significantly improved mean spasticity 0-10 numerical rating scale (NRS) scores and mean pain 0-10 NRS scores compared with placebo. [74] [75] [76] The post-approval SAVANT (Sativex as Add-on therapy vs further optimized first-line ANTispastics) trial showed that 12 weeks' add-on treatment with THC:CBD oromucosal spray (nabiximols) produced clinically relevant (≥30% NRS reduction from baseline) improvement of resistant MS spasticity and associated pain than that achieved by adjusting underlying first-line antispasticity medication alone. 77 During clinical development of THC:CBD oromucosal spray (nabiximols) for MS spasticity, the most common treatment-related adverse events were mild to moderate transient episodes of dizziness, fatigue or somnolence. 38, 78 Less commonly, mucosal irritation was reported. 38 To date, THC:CBD oromucosal spray (nabiximols) has not been associated with drug tolerance or a withdrawal syndrome 79 and there has been no evidence of drug misuse or abuse. 38 The estimated total post-marketing exposure of THC:CBD spray (nabiximols) at the end of 2018 was more than 120,000 patient-years. 80 European consensus guidelines on pharmacological management of MS spasticity recommend adding THC:CBD oromucosal spray (nabiximols) to current therapy in patients with moderate to severe spasticity who have a suboptimal response or poor tolerance to first-line oral treatments. 81 
Treatment of Chronic Cancer-Related Pain
Chronic cancer pain is classified pathophysiologically as nociceptive, neuropathic or mixed nociceptive/neuropathic, 82 in alignment with the general classification of chronic pain.
The results of placebo-controlled clinical trials of THC: CBD oromucosal spray (nabiximols) in chronic cancer-related pain have been variable. Efficacy was demonstrated in two studies. In a clinical trial involving patients (n = 177) with intractable cancer-related pain, mean pain 0-10 NRS scores were significantly improved after 2 weeks' treatment with active medication compared with placebo (change from baseline: -1.37 vs -0.69; p = 0.014). About twice as many patients treated with THC:CBD (nabiximols) than placebo (43% vs 21%) achieved a clinically meaningful ≥30% reduction from baseline in pain 0-10 NRS scores. Treatment-related adverse events were mostly mild or moderate and similar to the known safety profile of THC:CBD spray (nabiximols) in MS spasticity, namely somnolence, dizziness and nausea. 83 A subsequent open-label extension study involving 39 patients who had received THC:CBD spray in the parent study showed that extended use (median 25 days, range 2-579 days) was generally well tolerated. Patients did not seek to increase their dose of THC:CBD spray (nabiximols) or other pain-relieving medication during extended use. The mean dose during the last 7 days of dosing (5.4 sprays/day) was lower than the mean dose (8.75 sprays/day) in the first weeks of the parent study. 84 In another placebo-controlled trial of THC:CBD oromucosal spray (nabiximols) in patients with opioid-refractory cancer pain (n = 360), the primary outcome (30% responder rate) after 5 weeks' treatment was not met (p = 0.59), although patient-reported analgesia rates were significantly higher with active medication than placebo (p = 0.035). A dose-grading analysis indicated that analgesia rates were significantly higher with low-dose (1-4 sprays/day; p = 0.008) and medium-dose (6-10 sprays/day; p = 0.039) THC:CBD spray (nabiximols) than placebo. Adverse events compared unfavorably with placebo only in the high-dose group. 85 In a third large placebo-controlled clinical trial in advanced cancer patients with chronic uncontrolled pain (n = 397), the change from baseline in the mean pain 0-10 NRS score at the end of treatment (2-week titration, 3-week treatment) favored THC:CBD oromucosal spray (nabiximols) but without reaching statistical significance (10.7% vs 4.5%; p = 0.0854). The benefits of THC:CBD spray (nabiximols) on multiple secondary endpoints were observed mainly in US patients, possibly due to lower baseline opioid doses compared with European patients or due to differences in the distribution of cancer pain types between US and Europe patient populations. The safety profile of THC:CBD spray (nabiximols) was consistent with that reported in earlier studies. 86 
Treatment of Chronic Neuropathic Pain
Randomized clinical trials of THC:CBD oromucosal spray (nabiximols) for the treatment of chronic neuropathic pain conditions are summarized in Table 2 . [87] [88] [89] [90] [92] [93] [94] [95] [96] [97] [98] THC:CBD oromucosal spray (nabiximols) has shown mainly positive results in studies of patients with MSassociated neuropathic pain ( Table 2) . [87] [88] [89] [90] A placebo-controlled RCT of patients with central neuropathic pain due to MS reported a near 2-fold higher mean change from baseline on the 0-10 pain NRS (-2.7 vs -1.4; p = 0.005) during 4 weeks' treatment with THC:CBD oromucosal spray (nabiximols) or placebo as adjunctive analgesia. More patients treated with THC:CBD oromucosal spray (nabiximols) than placebo reported dizziness, dry mouth, and somnolence. 87 In a subsequent open-label extension study involving 63 of the 66 original participants, 28 patients (44%) who completed 2 years' treatment with active medication recorded a mean pain 0-10 NRS score of 2.9, although this evidence is acknowledged to be of lower quality than a RCT. Most patients (92%) experienced one or more adverse events during long-term treatment, mainly dizziness and nausea, which were typically mild to moderate in intensity. There was no evidence of tolerance during up to 2 years' treatment. 88 A larger placebo-controlled trial of add-on THC:CBD oromucosal spray (nabiximols) conducted in 339 patients with refractory central neuropathic pain due to MS failed to meet the primary endpoint due to a high placebo response. After 14 weeks' treatment, the proportion of patients with ≥30% NRS improvement was 50% and 45% in the THC: CBD spray (nabiximols) and placebo groups, respectively (p = 0.234). Likewise, the change from baseline in pain 0-10 NRS scores did not differ significantly between groups (-1.93 vs -1.76; p = 0.47). Among 58 patients who entered the 4-week randomized withdrawal phase, the primary endpoint of time to treatment failure significantly favored THC:CBD spray (nabiximols), with 24% of patients failing treatment compared with 57% of patients treated with placebo (p = 0.04). THC: CBD spray was generally well tolerated, with most adverse events judged as mild to moderate in severity. 89 A RCT available at ClinicalTrials.gov which investigated THC:CBD oromucosal spray (nabiximols) for relief of chronic refractory neuropathic pain due to MS or other defects of neurological function found a numerical but not statistically significant advantage in favor of active medication versus placebo for the change from baseline in the mean pain box scale-11 score (-1.3 vs -0.9; p = 0.33) after 3 weeks' treatment (ClinicalTrials.gov identifier NCT01606176). 90 Lastly, a small independent investigator-initiated nonrandomized study of 10 MS patients with neuropathic pain showed that 4 weeks' treatment with THC:CBD oromucosal spray (nabiximols) significantly reduced the pain rating from baseline (assessed by VAS; p = 0.001) and improved quality of life measures. Interestingly, the clinical effects observed with THC:CBD spray (nabiximols) were paralleled by an increase in fronto-central γ-band oscillation and pain-motor integration strength. 91 The results of studies of THC:CBD spray (nabiximols) in patients with neuropathic pain of origins other than MS are mixed ( Table 2) . [92] [93] [94] [95] [96] [97] [98] A RCT registered at ClinicalTrials.gov which compared THC:CBD spray (nabiximols) and placebo for relief of intractable neuropathic pain associated with spinal cord injury found no difference between treatments for change from baseline in pain 0-10 NRS scores (-0.74 vs -0.69; p = 0.71) after 3 weeks' treatment (ClinicalTrials.gov identifier NCT01606202). 92 In a study of central neuropathic pain due to brachial plexus avulsion, the difference in the mean pain severity score during the last 7 days of treatment with THC:CBD oromucosal spray (nabiximols) was statistically significant (p = 0.005) compared with placebo, although failed to satisfy the a priori assumed level for clinical significance. 93 In 125 patients with neuropathic pain of peripheral origin (eg diabetic neuropathy, post-herpetic neuralgia) characterized by allodynia, 4 weeks' double-blind treatment with THC:CBD oromucosal spray (nabiximols) was associated with a significant reduction in the mean pain 0-10 NRS score compared with placebo (-1.48 vs -0.52; p = 0.004). Significant improvements with THC:CBD spray (nabiximols) were observed in other endpoints including the Neuropathic Pain Scale composite score (p = 0.007), dynamic allodynia (p = 0.042), punctate allodynia (p = 0.021), Pain Disability Index (p = 0.003) and Patient's Global Impression of Change (p < 0.001). Adverse events reported by patients on active medication were mainly sedative or gastrointestinal. 94 In a subsequent larger trial of THC:CBD spray (nabiximols) for peripheral neuropathic pain associated with allodynia (n = 303), the proportion of treatmentresponsive patients (≥30% NRS improvement from baseline) after 14 weeks' double-blind treatment was significantly higher with THC:CBD spray (nabiximols) than placebo (p = 0.034), but there was no significant difference between treatment groups for change from baseline in the mean pain 0-10 NRS score (p = 0.116). The most common treatment-related events with THC:CBD spray (nabiximols) were dizziness, nausea, fatigue and dysgeusia. 95 Likewise, in an aligned ClinicalTrials. gov registered study of THC:CBD spray (nabiximols) in patients with peripheral neuropathic pain associated with diabetes (n = 297), the change from baseline in the mean pain 0-10 NRS score after 14 weeks' treatment was not significantly different compared with placebo (-1.67 vs -1.55; p = 0.63) (ClinicalTrials.gov identifier NCT00710424). 96 Patients who completed either of these two studies (allodynia, n = 176; diabetes, n = 204) were entered into an open-label extension study to receive active medication for a further 38 weeks in addition to their current analgesic therapy. Among 234 patients (62% of the initial sample) who completed the extension phase, the mean pain 0-10 NRS score showed a decrease from 6.9 points at baseline in the parent studies to 4.2 points at the end of open-label follow-up. THC:CBD (nabiximols) spray was well tolerated during follow-on treatment with no evidence of development of tolerance. 97 A small pilot trial with a randomized crossover design in patients with chemotherapy-induced neuropathic pain (n = 16) showed no statistically significant effect from treatment with THC:CBD oromucosal spray (nabiximols) compared with placebo for change from baseline in the mean pain 0-10 NRS score, although a responder analysis identified a small number of responders who may derive a clinically meaningful benefit from treatment. 98 A placebo-controlled randomized trial of THC:CBD oromucosal spray (nabiximols) in patients with rheumatoid arthritis (n = 58), a disease which causes both nociceptive and neuropathic pain, 99 reported improvement after 5 weeks' treatment in the primary endpoint of morning pain on movement (p = 0.044), and in the secondary endpoints of morning pain at rest (p = 0.018) and "pain at present" component of the Short-Form McGill Pain Questionnaire (p = 0.016). 100 Adverse effects were mainly mild or moderate.
Real-World Data for THC:CBD Oromucosal Spray (Nabiximols) in Chronic Pain
A retrospective analysis of anonymized data collected in a large German Pain e-Registry has provided insight into the real-world management of severe chronic pain with THC: CBD oromucosal spray (nabiximols). 101 Among 30,228 patients prospectively registered in the German Pain e-Registry within 2017, 800 (2.6%) had received THC:CBD oromucosal spray (nabiximols) as an add-on therapy for pain relief. Prescribing of THC:CBD spray followed a change to German regulations permitting the use of cannabinoid preparations independently of their labels or even in the absence of a label in patients with resistant chronic pain conditions who fail previous management options. The main underlying chronic pain conditions in these patients were lower back pain (234 patients; 29.3%), failed back surgery syndrome (n = 148; 18.5%) and shoulder/neck pain (n = 91; 11.4%). Pain phenotype (nociceptive, mixed, neuropathic) was evaluated using the painDETECT questionnaire (PDQ7). 102, 103 Most patients were taking analgesic opioids (86.5% strong, 16.1% mild) at baseline.
Pain intensity measured on a 0-100 VAS (from 0 = no pain; to 100 = worst pain conceivable) improved by at least 50% in 67.5% of patients after 12 weeks' treatment with THC:CBD oromucosal spray (nabiximols). Aggregated nine-factor symptom relief (ASR-9), a composite score that summarizes the outputs of nine pain evolution efficacy endpoints measured using validated instruments, was increased by 39% from baseline. Overall, 15.4% of patients (n = 123) showed at least 50% improvement in all nine factors, and 56.0% of patients (n = 488) showed at least 50% improvement in ≥ five ASR-9 factors. Other symptoms with relief rates ≥50% were stress (78.8%), depression (66.5%), anxiety (57.6%) and overall well-being (61.3%) ( Figure 2 ). Outcomes in terms of ≥50% improvement in pain intensity rates and mean ASR-9 symptom relief/improvement scores were significantly greater in the neuropathic pain subgroup (94.8% and 54.9%, respectively; n = 497) versus the mixed pain (24.9% and 18.2%; n = 249) or nociceptive pain (13.6% and 11.9%; n = 54) subgroups (p < 0.001 for all comparisons). Use of concomitant opioids, both as acute (rescue) or continuous pain treatment, was reduced. During the first 12 weeks of use of THC:CBD oromucosal spray (nabiximols), 18.1% of patients discontinued treatment due to inadequate efficacy (14.1%, n = 113) or treatmentemergent adverse events (TEAEs) (4%, n = 32). In all, 206 TEAEs were reported by 159 patients (19.9%), most commonly increased appetite (6.3%) or dysgeusia (2.9%) of mild intensity. This safety profile differs from that observed in other large-scale observational studies of THC:CBD oromucosal spray (nabiximols) in patients with MS spasticity in which the most common adverse events (at mean doses of 6-7 sprays/day) were dizziness, fatigue and drowsiness. 104, 105 Conclusions Chronic pain is a common and frequently debilitating condition that carries a large individual and societal burden. Numerous etiological factors contribute to its development. Discovery of the endocannabinoid system and its role in pain control and habituation to stress suggested that cannabinoids may be useful to manage pain conditions. Activation of cannabinoid receptors has multiple analgesia-associated effects mediated by the peripheral and central nervous systems. THC:CBD oromucosal spray (nabiximols), a cannabis-derived medicine approved for symptomatic relief of MS-related spasticity, has also been investigated as an add-on treatment for pain. Results of placebocontrolled clinical trials of THC:CBD oromucosal spray (nabiximols) in chronic cancer-related pain were equivocal. The analgesic efficacy of THC:CBD oromucosal spray (nabiximols) was more apparent in placebocontrolled clinical trials of chronic neuropathic pain, particularly MS-associated neuropathic pain, with some patients maintaining long-term (up to 2 years) benefit. A German Pain e-Registry analysis of patients with severe chronic pain treated in daily practice with THC: CBD oromucosal spray (nabiximols) showed best results in the neuropathic pain subgroup versus nociceptive or mixed pain subgroups. Across all reviewed studies in patients with chronic cancer-related or nonmalignant pain, no new safety concerns were identified with THC: CBD oromucosal spray (nabiximols) and there was no evidence of tolerance during extended use.
Anxiety and stress are recognized as major drivers for the development and maintenance of chronic pain. Looking ahead, if the ability of CBD to improve anxiety-related behavior in an animal model of neuropathic pain is corroborated in clinical studies, this may offer patients new perspectives for coping with chronic pain. Interestingly, these preclinical findings correlate with observations from the German Pain Practice e-Registry analysis which indicated that, beyond pain phenomenology, the presence of anxiety and stress are important predictors of response to treatment. Both symptoms improved significantly during treatment with THC:CBD oromucosal spray (nabiximols). This is an intriguing avenue for future research.
The main limitations of studies reviewed herein are the short duration (for a chronic condition), heterogenous patient populations and lack of active comparators. Although the data set for THC:CBD oromucosal spray (nabiximols) in chronic pain includes two extension studies, only limited numbers of patients received treatment long term.
To conclude, as improvement rates appeared to be lower in patients with pain types other than chronic neuropathic pain, proper diagnosis is key towards identifying patients most likely to benefit from THC:CBD oromucosal spray (nabiximols) as an adjunct to other treatment.
